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During the 2002 phocine distemper epidemic, 2,284
seals, primarily harbor seals (Phoca vitulina), were found
stranded along the Dutch coast. Stranding pattern varied
with age, sex, state of decomposition, wind, and location.
Cumulative proportion of deaths (54%) was comparable to
that in the first reported epidemic in 1988.
M
arine mammal morbilliviruses are among the most
pathogenic infectious agents to emerge in wildlife.
Phocine distemper virus (PDV) infection (1–3) was con-
sidered responsible for the deaths of ≈18,000 seals in
Europe in the first recorded outbreak in 1988 (4), and of
≈22,000 seals in the second outbreak in 2002 (5,6). We
examined the effect of different variables on the dynamics
of the 2002 PDV epidemic in the Netherlands. This epi-
demic started 6 weeks after the first cases were noted on
Anholt Island, Denmark (5). Subsequently, the disease
spread east to Germany and Denmark, and west to
Belgium, France, the United Kingdom, and Ireland (6). We
also compared the epidemiologic characteristics of the
1988 and 2002 PDV epidemics in the Netherlands.
Seal strandings were reported to a central telephone
service. Live stranded seals were rehabilitated or eutha-
nized. Dead stranded seals were collected for necropsy
during which species, sex, standard body length, and state
of decomposition were determined. Seals were divided
into age categories, based on sex and standard body length
(7): male juveniles (age <1 yr; length <95 cm), subadults
(1 yr < age <4 yr; 95 cm < length <140 cm), or adults (age
>4 yr; length >140 cm); female juveniles (age <1 yr;
length <90 cm), subadults (1 yr < age <3 yr; 90 cm <
length <130 cm), or adults (age >3 yr; length >130 cm)
(Table 1). Of 1,315 seals that underwent necropsy, com-
plete data were obtained for 1,096 harbor seals (Phoca vit-
ulina) (Table 1). These seals originated from the entire
Dutch coast, except from the islands Rottumeroog and
Rottumerplaat, where they were buried; from the island of
Texel, where they were collected for a different study; and
from the mainland coasts of North Holland and South
Holland, where only a few seals were submitted for
necropsy (Table 1, Figure 1A). Because seals on which a
necropsy was performed represented 56%–73% of the
stranded seals in the remaining locations (Table 1, Figure
1A) and had a similar-shaped epidemic curve to that of
stranded seals (online Appendix Figure 1; available at
http://www.cdc.gov/ncidod/EID/vol11no12/05-0596_
app1.htm), they were considered representative of strand-
ed seals. The daily wind factor was calculated by multiply-
ing average daily wind force at Den Helder, North Holland
(obtained from the Royal Netherlands Meteorological
Institute [KNMI]), with its coefficient. Coefficients were
positive for winds north of the line  west-southwest–east-
northeast, negative for winds south of this line, and ranged
from 0, when the wind direction was parallel to this line, to
4, when at right angles to it. To analyze the effect of spring
tide, the number of strandings on the day of spring tide and
the 2 subsequent days was compared to the number of
strandings on other days. We used the χ2 test for categori-
cal comparisons and linear trends, and Mann-Whitney U
and Kruskal-Wallis tests for temporal scales, with pair-
wise comparison for the variables that showed significant
overall effect (SPSS for Windows, SPSS Inc., Chicago, IL,
USA). For stranded seals with missing observations, age
category, sex, and state of decomposition were imputed by
using data on seals that underwent necropsy and had been
stranded in the same location and on the same or closest
weekly date.
Between June 16, 2002, when the Dutch index case
was found on Vlieland, and the end of November 2002,
when the stranding rate returned to preepidemic levels,
2,284 seals (2,154 dead, 130 live) were stranded along the
Dutch coast (Figure 1B, Table 1). Almost all (2,279 of
2,284) were identified as harbor seals, and the remaining
5 as gray seals (Halichoerus grypus), despite recently
increased gray seal numbers in the Netherlands and their
likely exposure to PDV. This finding is consistent with
experimental findings that PDV infection is more patho-
genic for harbor seals than for gray seals (9). At gross
necropsy, ≈80% of harbor seals had pulmonary consolida-
tion consistent with PDV infection, while about 50% had
either immunoglobulin M to morbillivirus by serology,
morbillivirus-specific nucleic acid by reverse-transcrip-
tion polymerase chain reaction (PCR), or both (unpub.
data). This PCR fragment corresponded to that of PDV by
phylogenetic analysis (5). Together these results confirm
PDV infection as the primary cause of the epidemic. The
rapid course of the epidemic, high cumulative proportion
of deaths, and involvement of all age categories (Table 1)
fit with a virgin soil epidemic and correspond with lack of
preexisting specific immunity to PDV in most of the seals
(5,6).
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Denmark Age and sex affected temporal distribution of strand-
ings. The median stranding date varied significantly
among age categories (p<0.001). The date was significant-
ly earlier for subadults than for juveniles and adults
(p<0.05; Figure 1B). Subadults display considerably more
social play than seals in other age categories, especially in
early summer (10). In contrast, juveniles and their mothers
are relatively more separated from other seals during the
lactation period, are more sedentary, and have fewer new
contacts (11,12). The median stranding date for males was
significantly earlier than that for females in juveniles
(p<0.001), subadults (p<0.001), and adults (p<0.001)
(online Appendix Figure 2; available at http://www.
cdc.gov/ncidod/EID/vol11no12/05-0596_app2.htm). The
average change in the number of individually identified
seals hauled out between consecutive days is significantly
higher for males than for females (12), and both subadult
and adult males have the longest and most aggressive
interactions with each other (13). These behavioral differ-
ences suggest that contact rates and intensity of contact
with other seals, including seals with PDV infection, were
higher for subadults at the start of the epidemic than for
juveniles and adults, and higher for males than females,
thus increasing the risk and severity of infection.
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Figure 1. Spatial and temporal distribution of seal strandings in the Netherlands
during the 2002 phocine distemper virus epidemic. A) Spatial distribution of
seal strandings and proportion of seals necropsied at each location. The diam-
eter of each pie chart corresponds to the number of seals stranded at a partic-
ular location. The names of the Wadden Sea islands have been abbreviated
(Tx, Texel; V, Vlieland; Ts, Terschelling; A, Ameland; S, Schiermonnikoog; R,
Rottumeroog and Rottumerplaat). B) Weekly stranding rate of all stranded har-
bor seals and effect of age category on weekly stranding rate.Alternatively, the above patterns may be linked to age-
related and sex-related differences in the effects of
contaminants. The contaminant levels in the tissues of
seals that died in the 1988 PDV epidemic were considered
sufficiently high to cause immunosuppression and thus to
increase the severity of the PDV outbreak (14). Pollutant
levels in tissues of seals that died during the 2002 PDV
epidemic have yet to be reported.
Age affected geographic distribution of strandings. The
proportion of stranded seals of each age category varied
significantly among Wadden Sea locations (p<0.001). The
highest proportions of juveniles and adults stranded at
mainland Groningen (Table 1), which includes
Eemsmond, a core breeding area. The highest proportion
of subadults stranded on Vlieland (Table 1) in the western
part of the Dutch Wadden Sea, an area assumed to have an
influx of migrating young seals (15). The number of seals
stranded per kilometer of coastline varied significantly
among locations for juveniles (p<0.001), subadults
(p<0.001), and adults (p<0.001), with 2.2 to 3.1 more seals
stranded per kilometer of coastline on Schiermonnikooog,
an island in the eastern part of the Dutch Wadden Sea, than
would be expected had the seals been evenly distributed
per km coast (Table 1). This coincides with the summer
distribution of harbor seals in the Dutch Wadden Sea,
which is highly skewed toward the east (15,16). Within
each age category, the proportion of males to females var-
ied significantly among locations only for adults
(p<0.001). Ameland had the highest proportion of adult
males, and Vlieland the lowest (Table 1).
Location affected the temporal distribution of strand-
ings. The median stranding date varied significantly
among locations (p<0.001); that for Zealand (week 39)
was significantly later than that for all Wadden Sea loca-
tions (weeks 35–37) (online Appendix Figure 3; available
at http://www.cdc.gov/ncidod/EID/vol11no12/05-0596_
app3.htm). This is likely because seals in Zealand are
fewer and more widely dispersed than in the Wadden Sea,
so the chance of the virus spreading is lower.
Wind appeared to have a confounding effect on strand-
ing rate: periods of southerly wind corresponded with
decreased overall stranding rates, e.g., in weeks 33 and 36,
and the opposite for northerly winds (Figure 2A). This is
probably because dead seals floated in the top water layer,
which shows parallel drift to surface winds. A similar
effect of wind on strandings has been shown for seabirds
(17). Spring tide did not affect stranding rate (p>0.05).
State of decomposition (as a measure of length of time
between death of a seal and its detection) also had a con-
founding effect on stranding rate. From July to October,
the overall proportion of decomposed seals differed signif-
icantly among months (p<0.001) and increased significant-
ly with time (p<0.001) (Figure 2B). This finding is
probably because recovery of seal carcasses was not 100%
so that, as the epidemic progressed, a higher proportion of
stranded carcasses consisted of seals that had died before
the previous shore survey. These findings show that over
time stranding rate became a less accurate estimate of mor-
tality rate, as observed in 1988 (18). The proportion of
decomposed carcasses varied significantly by location
(p<0.001), with high proportions of decomposed carcasses
on the mainland coasts of Friesland and Groningen and on
Schiermonnikoog (online Appendix Figure 4; available at
http://www.cdc.gov/ncidod/EID/vol11no12/05-0596_
app4.htm).
The timing of deaths and cumulative proportion of
deaths of the 2002 PDV epidemic were similar to those
characteristics in 1988 (Table 2). A difference, however,
was that the index case was detected ≈1 month later in
2002 than in 1988. The similarity between estimated
cumulative proportion of deaths in 1988 (53% of the
population) and 2002 (54%) suggests that the pathogenic-
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Figure 2. Effects of environmental variables on seal strandings in
the Netherlands during the 2002 phocine distemper virus epidem-
ic. A) Effect of wind direction and force on temporal distribution of
stranded seals. Stranding rate of seals is expressed as number of
seals reported per day. The wind factor is a function of wind force
and wind direction. Negative wind factors correspond to southerly
winds. B) Effect of state of decomposition on temporal distribution
of stranded harbor seals, overall and per location. Percentages of
decomposed seals are expressed per month. 
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ity of PDV for the harbor seal population has not changed
noticeably. However, more detailed examination of the
genetic composition of both the virus and the harbor seal is
needed to exclude changes in the host-pathogen relation-
ship.
Acknowledgments
We thank the volunteers who searched the Dutch coast daily
for stranded seals; the staff at the Seal Research and
Rehabilitation Center in Pieterburen for logistical support; V.O.P.
Containers for providing the location to perform necropsies of the
seals; the staff of the Dutch Ministry of Agriculture, Nature and
Food Quality (LNV-Noord) for providing access to and help with
the centralized seal registration data; the Common Wadden Sea
Secretariat and the Trilateral Seal Expert Group for international
coordination of the outbreak; Fiona Read for her help with geo-
graphic coordinates; Xavier Harduin for help in entering and ana-
lyzing data; Robin Huisman for help with the Geographic
Information Systems program; and Hans Heesterbeek, Rik de
Swart, and Cock van Duijn for reviewing the manuscript at dif-
ferent stages of development. 
This study received financial support from the Dutch
Ministry of Agriculture, Nature and Food Quality.
Ms Rijks is a veterinarian at the Erasmus Medical Center in
Rotterdam, the Netherlands. Her research interests include the
effect of infectious diseases on wild animal populations and the
relationship between wildlife health and development aid.
References
1. Osterhaus ADME, Vedder EJ. Identification of virus causing recent
seal deaths. Nature. 1988;335:20.
2.  Mahy BWJ, Barrett T, Evans S, Anderson EC, Bostock CJ.
Characterization of a seal morbillivirus. Nature. 1988;336:115.
3. Cosby SL, McQuaid S, Duffy N, Lyons C, Rima BK, Allan GM, et
al. Characterization of a seal morbillivirus. Nature. 1988;336:115–6.
4. Dietz R, Heide-Jørgensen M-P, Härkönen T. Mass deaths of harbor
seals (Phoca vitulina) in Europe. Ambio. 1989;18:258–64 
5. Jensen T, van de Bildt M, Dietz HH, Andersen TH, Hammer AS,
Kuiken T, et al. Another phocine distemper outbreak in Europe.
Science. 2002;297:209.
6. Müller G, Wohlsein P, Beineke A, Haas L, Greiser-Wilke I, Siebert U,
et al. Phocine distemper in German seals, 2002. Emerg Infect Dis.
2004;10:723–5.
7. McLaren IA. Growth in pinnipeds. Biol Rev. 1993;68:1–79.
8. Camphuysen CJ. Oil pollution and oiled seabirds in the Netherlands,
1969–97: signals of a cleaner sea. Sula. 1997;11:41–156.
9. Harder T, Willhaus T, Frey H-R, Liess B. Morbillivirus infections of
seals during the 1988 epidemic in the Bay of Heligoland: III. trans-
mission studies of cell culture-propagated phocine distemper virus in
harbour seals (Phoca vitulina) and a grey seal (Halichoerus grypus):
clinical, virological and serological results. J Vet Med B.
1990;37:641–50.
10. Renouf D, Lawson JW. Quantitative aspects of harbour seal (Phoca
vitulina) play. J Zool, Lond. 1987;212:267–73.
11. Traut IM, Ries EH, Donat B, Vareschi E. Spacing among harbour
seals (Phoca vitulina vitulina) on haul-out sites in the Wadden Sea of
Niedersachsen. Z Säugetierkunde. 1999;64:51–3.
12. Godsell J. Herd formation and haul-out behaviour in harbour seals
(Phoca vitulina). J Zool, Lond. 1988;215:83–98.
13. Sullivan RM. Agonistic behavior and dominance relationships in the
harbor seal, Phoca vitulina. J Mamm. 1982;63:554–69.
14. Ross PS, De Swart RL, Reijnders PJH, Van Loveren H, Vos JG,
Osterhaus ADME. Contaminant-related suppression of delayed-type
hypersensitivity and antibody responses in harbor seals fed herring
from the Baltic Sea. Environ Health Perspect. 1995;103:162–7.
15. Ries EH, Traut IM, Brinkman AG, Reijnders PJH. Net dispersal of
harbour seals within the Wadden Sea before and after the 1988 epi-
zootic. J Sea Res. 1999;41:233–44.
16. Leopold MF, van der Werf B, Ries EH, Reijnders PJH. The impor-
tance of the North Sea for winter dispersal of harbour seals Phoca vit-
ulina from the Wadden Sea. Biol Conserv. 1997;81:97–102.
17. Camphuysen CJ, Heubeck M. Marine oil pollution and beached bird
surveys: the development of a sensitive monitoring instrument.
Environ Pollut. 2001;112:443–61.
18. Hall AJ, Pomeroy PP, Harwood J. The descriptive epizootiology of
phocine distemper in the UK during 1988/89. Sci Total Environ.
1992;115:31–44.
19. Reijnders PJH, Ries EH, Tougaard S, Nørgaard N, Heidemann G,
Schwarz J, et al. Population development of harbour seals Phoca vit-
ulina in the Wadden Sea after the 1988 virus epizootic. J Sea Res.
1997;38:161–8.
Address for correspondence: Thijs Kuiken, Institute of Virology, Erasmus
MC Rotterdam, PO Box 1738, 3000 DR Rotterdam, the Netherlands; fax:
31-10-408-9485; email: t.kuiken@erasmusmc.nl
The opinions expressed by authors contributing to this journal do
not necessarily reflect the opinions of the Centers for Disease
Control and Prevention or the institutions with which the authors
are affiliated.